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We report 2-mercaptobenzothiazole (MBT) and its analogs as a class of new matrices for 
matrix-assisted laser desorption mass spectrometry (MALDI-MS) at 337 nm. MBT has been 
used successfully for the desorption of proteins up to 100,000 u. A comparison with sinapinic 
acid and ~-cyano-4-hydroxycinnamic acidindicates that MBT provides the same level of 
sensitivity and resolution, but offers the advantage of higher tolerance to sample contami- 
nants such as ionic detergents. 5-Chloro-2-mercaptobenzothiazole (CMBT), an analog of 
MBT, has been found not only effective for the analysis of peptides, low-mass proteins, and 
glycolipids, but also superior to conventional matrices for the analysis of muropeptides and 
at least some oligosaccharides. CMBT also exhibits excellent experimental reproducibility of 
MALDI-MS results owing to the homogeneous crystallization of the analyte/matrix mixture 
over the entire sample surface area. Finally, all five mercaptobenzothiazoles studied in this 
work are shown to be well suited for synthetic polymer analysis. © 1997 American Society 
for Mass Spectrometry (J Am Soc Mass Spectrom 1997, 8, 116-124) 
M 
atrix-assisted laser desorption ionization mass 
spectrometry (MALDI-MS) has been quickly 
established as a powerful analytical tool for 
accurate mass determination ofbiomolecules ofmolec- 
ular weight up to 500,000 u [1-4]. A variety of sub- 
stances, such as peptides and proteins [1-7], glycopro- 
reins [8, 9], carbohydrates [10, 11], nucleotides [12, 13], 
and synthetic polymers [14-17] have been analyzed by 
MALDI-MS with remarkable success. 
Since Karas and HiUenkamp [1] first reported nico- 
tinic acid (3-pyridine carboxylic acid) as a matrix to 
desorb large proteins with 266-nm laser radiation, a 
number of other matrices of substantial utility have 
been discovered. Most of these compounds reported to 
date are substituted aromatic ompounds containing a
carboxylic acid group. Several cinnamic acid deriva- 
tives, including ferulic, caffeic, and sinapinic acid, 
evaluated by Beavis and Chait [3], have made analysis 
by matrix-assisted laser desorption ionization (MALDI) 
possible at laser wavelengths extending from 266 to 
355 nm. These matrices, in particular sinapinic acid, 
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form much less abundant photochemically generated 
adducts with the analyte than does nicotinic acid. The 
matrix 2,5-dihydroxybenzoic acid (DHB), introduced 
by Karas and co-workers [6], has been extremely use- 
ful for the analysis of proteins, carbohydrates, yn- 
thetic polymers, and enzymatic digests at 337 and 355 
nm, and it has a high tolerance to contaminants such 
as inorganic salts, buffers, and detergents. Another 
matrix, ~,-cyano-4-hydroxycinnamic cid (~CHCA), is 
now widely accepted as the choice for the analysis of 
low-mass peptides and glycopeptides [18]. The matrix 
3-hydroxy-picolinic a id [19] was shown to desorb and 
ionize nucleotides effectively in the negative ion mode 
and 2-[(4-hydroxyphenyl)azo]benzoic acid (HABA) was 
reported to be effective for the analysis of relatively 
large proteins [9]. 
Some neutral and basic matrices also have been 
reported in the literature [20-22]. The performance of 
coumarin laser dyes was investigated by Perera et al. 
[20]. These laser dyes were shown to be useful in the 
analysis of a variety of macromolecules including pep- 
tides, proteins, deoxynucleotides, and polymers at 337 
nm. The matrix 3-aminoquinoline was reported to be 
effective for the analysis of polysaccharides and pro- 
teins [21]. Fitzgerald et al. [22] screened 37 substituted 
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pyrimidines, anilines, and amino-pyridines a poten- 
tial matrices. Although limited to the analysis of rela- 
tively small proteins and oligonucleotides, these basic 
matrices extended the utility of MALDI to acid-sensi- 
tive species. Other neutral matrices, uch as 2,3,4-trihy- 
droxyacetophenone a d 2,4,6-trihydroxyacetophenone 
were also reported to be good matrices for DNA detec- 
tion [23]. 
We have investigated the performance of several 
mercaptobenzothiazoles as potential new matrices for 
MALDI-MS by using a time-of-flight (TOF) mass spec- 
trometer equipped with a N 2 laser emitting at 337 nm. 
The results indicate these compounds are very useful 
MALDI matrices for a variety of analytes. 
Experimental 
Materials 
2-Mercaptobenzothiazole and 5-chloro-2-mercapto- 
benzothiazole were purchased from Aldrich Chemical 
Co. (Milwaukee, WI). 6-Amino-2-mercaptobenzothia- 
zole was purchased from TCI America (Portland, OR). 
5-Methoxy-2-mercaptobenzothiazole nd 6-ethoxy-2- 
mercaptobenzothiazole were purchased from Lan- 
caster Synthesis Inc. (Windham, NH). As purification 
by recrystallization, sublimation, and ion exchange did 
not improve performance, all these matrix materials 
were used as received without further cleanup. Con- 
ventional matrices (including ~CHCA, sinapinic acid, 
and DHB; Aldrich Chemical Co.) have been recrystal- 
lized and used according to literature protocols [5, 6, 
10, 18] to assure valid comparisons. Oligomannose-type 
N-linked oligosaccharide [Man]s[GlcNAc] 2(MW 1235.1 
u), human angiotensin I (MW 1296.5 u), porcine pan- 
creastatin (MW 5103 u), bovine pancreatic nsulin (MW 
5733.5 u), horse skeletal muscle myoglobin (MW 16,951 
u), bovine serum albumin (MW 66,430 u) bovine trans- 
ferrin (MW 78,000 u), polyethylene glycol, (PEG) 3350, 
and PEG 10,000 were purchased from Sigma Chemical 
Co. (St. Louis, MO) and used without further purifica- 
tion. Ganglioside GTI b was purchased from Boehringer 
Manheim (indianapolis, IN). Dextran 5000 was pur- 
chased from Fluka Chemical Corp. (Ronkonkama, NY). 
Instrument 
MALDI-MS experiments were carried out on a Voy- 
ager-Elite time-of-flight (TOF) mass spectrometer (Per- 
Septive Biosystems Inc., Framingham, MA) equipped 
with a model VSL-337ND nitrogen laser (Laser Sci- 
ence, Newton, MA; 337 nm; 3-ns pulse length) and a 
dual microchannel p ate detector (Galileo, Sturbridge, 
MA). The accelerating voltage in the ion source was 30 
kV. All MALDI-MS results were obtained in the linear 
mode. The most important operational parameter was 
the careful regulation of the laser intensity. The laser 
irradiance per shot was kept as low as possible, that is, 
close to the threshold of analyte ion production. 
Scanning electron microscopy (SEM) results were 
obtained in a JEOL (Peabody, MA) JSM 6400-V scan- 
ning electron microscope by using an accelerating volt- 
age of 15 kV. The samples were gold coated in a 
sputter coater before SEM examination. 
Sample Preparation 
2-Mercaptobenzothiazole andanalogs were dissolved 
in a mixture of ethanol (EtOH)/tetrahydrofuran 
(THF)/water (1:1:1) to make a solution of 10 g/L. This 
matrix solution concentration was found to be the 
most generally applicable for a variety of analytes. 
Peptide and protein samples were dissolved in a solu- 
tion of 1:1 acetonitrile/0.1% (v/v) aqueous trifluo- 
roacetic acid or 1:1:1 EtOH/THF/water. Carbohydrate 
samples were dissolved in a solution of 1:1 
EtOH/water or 1:1:1 EtOH/THF/water. Polymer 
samples were dissolved in a solution of 1:1:1 
EtOH/THF/water. The samples for mass spectromet- 
ric analysis were typically prepared by depositing 
bout I /~L of the matrix solution and an equal volume 
of the analyte solution on a sample plate well, which 
were then mixed by means of the pipette tip. The 
solvents were then removed by drying the samples in 
air at room temperature. 
Results and Discussion 
A survey of the literature indicated that many com- 
pounds, such as dithioacetate (1) and 5-ethylidene- 
rhodanine, (2) which contain the common chro- 
mophoric functionality -C(=S)-S-, having strong UV 
absorption in the region of 330-350 nm [24]. This 
initiated our interest in these compounds as part of a 
search for new matrices that are structurally distinct 
from the conventional hydroxybenzoic a ids and hy- 
droxycinnamic a ids. Considering other physicochemi- 
cal characteristics, including compatible solubility with 
the analytes, vacuum stability, and solid state mor- 
phology, we choose to evaluate 2-mercaptobenzothia- 
zole (MBT) and its analogs (3) as potential matrices in 
MALDI-MS. These analogs are 5-chloro-2-mercapto- 
benzothiazole (CMBT), 6-amino-2-mercapto- 
benzothiazole (AMBT), 2-mercapto-5-methoxy- 
benzothiazole (MMBT), and 6-ethoxy-2-mercaptoben- 
zothiazole (EMBT). Pertinent properties of these mer- 
captobenzothiazoles are summarized in Table 1. The 
molar absorptivities at337 nm (e337) were determined 
by measuring the absorbance of mercaptobenzothia- 
zoles in a mixture of 1:1:1 EtOH/THF water. 
Microscopic inspection of the matrix/analyte mix- 
ture on the sample plate surface after solvent evapora- 
tion revealed homogeneous crystalline phases for all 
five mercaptobenzothiazoles with samples analyzed in 
this manuscript. Typical SEM micrographs obtained 
from samples of bovine pancreatic nsulin in MBT and 
CMBT (molar ratio of analyte to matrix 1:1000) are 
shown in Figure 1. For the samples with MBT, evenly 
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Table  1. Physical properties ofMBT and its analogs 
'~mex £337 
Matr ix  Structure (nm} (L rno l -  1 cm-  1) MW 
MBT X = H, Y= H 326.8  1".4 X 10  3 167.25  
CMB'r X = CI, Y= H 331.7 1.4 x 104 201.70 
AMBT X= H, Y= NH 2 339.0 1.0 x 104 182.27 
MMBT X= OMe, Y= H 337.0 4.4 x 103 197.29 
EMBT X= H, Y=OEt  330.0 1.1 x 104 211.32 
CH3C~ S O~---NH 
s 
1 2 
x N 
3 
spread large crystals were observed. The samples with 
CMBT, on the other hand, formed a uniform layer of 
very fine crystals distributed over the entire sample 
plate surface. 
Peptides and Proteins 
All five selected mercaptobenzothiazoles w re capable 
of desorbing and ionizing angiotensin and bovine pan- 
creatic insulin with very strong, stable signals for the 
protonated molecules, comparable to those obtained 
with cxCHCA or sinapinic acid. Further experiments 
with higher molecular weight proteins howed that the 
quality of the mass spectra obtained and the mass 
range applicable varied with different mercaptobenzo- 
thiazoles. 
Despite a lower molar absorptivity at 337 nrn rela- 
tive to that of some of its analogs MBT produced 
MALDI spectra with the best signal intensity and reso- 
lution for the peptides and proteins with molecular 
weights up to at least 100,000 u. Figure 2 presents the 
positive MALDI spectra of human angiotensin I (Fig- 
ure 2a), porcine pancreastatin (Figure 2b), and bovine 
transferrin (Figure 2c) by using MBT as the matrix. The 
amount of protein loaded on the sample plate cell was 
about 1-5 pmol. In all these spectra, the major peak 
observed corresponds to the singly charged (proto- 
nated) analyte denoted by [M + H] +. Signals corre- 
sponding to the dimer of bovine transferrin (Figure 2c) 
were also observed. For this and other proteins exam- 
ined (data not shown), the high-mass cluster ions are 
usually of significantly lower abundance. Multiply 
charged analyte signals were also detected for all the 
analytes except angiotensin. The highest charge state 
observed was +4 in the spectrum of bovine transferrin 
(Figure 2c). No obvious fragmentation was observed. 
The matrix adduct ion peaks were weak, but well 
resolved for small proteins uch as porcine pancreast- 
atin (MW 5103 u; Figure 2b). Like 0~CHCA and sinap- 
inic acid, MBT forms matrix-generated a ducts of 
much lower abundance than that of the protonated 
molecule. In these spectra, the measured mass resolu- 
tion [M/AM, full width at half maximum (FWHM)] 
for the peak representing the protonated molecule was 
766 for angiotensin, 540 for porcine pancreastatin, and 
63 for bovine transferrin, respectively. Additionally, 
MBT is a suitable matrix for the analysis of small 
peptides and proteins because of the absence of matrix 
ions above m/z 500. These and other results (data not 
shown) from examining over 30 different peptides and 
proteins demonstrate hat MBT provides similar per- 
formance to that obtained with 0~CHCA or sinapinic 
acid in terms of sensitivity and mass resolution. 
MBT also has been used successfully for protein 
analysis in the negative ion mode. A typical negative 
ion mass spectrum of bovine serum albumin with 
Figure 1. Scanning electron micrographs obtained from samples 
of bovine pancreatic insulin in different matrices (molar ratio of 
insulin to matrix was 1:1000): (a) MBT as matrix (original m gni- 
fication x800); (b) CMBT as matrix (original magnification 
x1200). 
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Figure 2. Positive MALDI mass spectra of three proteins with 
MBT as matrix. (a) Human angiotensin I (MW 1296.5 u); (b) 
porcine pancreastatin (MW 5103 u); (c) bovine transferrin (MW 
78,000 u). The data were acquired by summing 30-100 laser 
shots. The amount of protein loaded on the sample plate was 
about 1-5 pmol. 
MBT as matr ix is shown in Figure 3. In addi t ion to the 
deprotonated molecule [M - H] - ,  doubly  [M - 2E l  2 -  
and  tr iply [M - 3H] 3- charged (deprotonated)  molec- 
ular ion signals were observed in this spectrum. 
One of the strengths of MALDI-MS is its tolerance 
to contaminants ( uch as buffers, salts) in the sample. 
However ,  it has been noted before that even min imal  
contaminat ion with sod ium dodecylsul fate (SDS) com- 
pletely suppresses the protein signals when matrices 
such as cinnamic acid analogs are used in the sample 
preparat ion [7]. Among the matrices reported in the 
l iterature, only DHB shows some tolerance to SDS [6, 
25]. With  MBT as matrix, inorganic salts and buffers in 
the analyte solut ion up to concentrat ions of at least 200 
¢. .  
LM-2H]2- [M-HI- 
tM-3H]3- 
I 
30000 
I I 
50000 70000 
m/z 
Figure 3. Negative ion MALDI spectrum of bovine serum albu- 
min (MW 66,430 u) with MBT as the matrix; 200 laser shots were 
summed. The total protein loaded was 5 pmol. 
mM, as wel l  as nonionic detergents such as urea up to 
concentrations of at least 1 M, do not lead to a signifi- 
cant d iminut ion in detect ion l imits or qual ity of spec- 
tra. Furthermore,  MBT was also found to have toler- 
ance to ionic detergents uch as SDS. Figure 4a pre- 
sents the posit ive MALDI  spectrum of myoglob in  [10-s 
M in acetonitr i le /0.1% (v /v )  aqueous trif luoroacetic 
a [M+2H]2+ 
[M+H]+ 
No SDS added 
Matr ix:  MBT 
! 
I I I 
10000 15000 20000 
b [M+H]+ 
SDS added 
Matr ix:  MBT 
[M+2H]2 + 
I I I 
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Figure 4. Positive MALDI spectrum of horse skeletal muscle 
myoglobin (10 pmol); 100 laser shots were summed. The sample 
was dissolved in acetonitrile/0.1% (v/v) aqueous trifluoroacetic 
acid (1:1) solution. (a) No SDS was added and the matrix was 
MBT, (b) in 100-g/L SDS and the matrix was MBT. 
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acid (1:1) solution] with MBT as matrix. The tolerance 
of MBT to SDS is illustrated in Figure 4b where the 
myoglobin sample was applied in a 100 g/L SDS 
(10%, w/v) solution. SDS caused the background sig- 
nal to be elevated in the low-mass region. The signal- 
to-background ratio for myoglobin has deteriorated 
compared to that in Figure 4a, but singly charged and 
doubly charged protein signals are clearly present. 
Other analogs of 2-mercaptobenzothiazole were 
found to be effective matrices for the analysis of pep- 
tides and low-mass proteins in the range of 800-6000 
u. Figure 5 shows a mass spectrum of bovine pancre- 
atic insulin (sample loading: 3 pmol) using CMBT as 
the matrix. The mass resolution (FWHM) for the major 
peak at m/z 5734.5 is about 650. Peaks for the proto- 
nated molecule [M + H] +, sodium adduct [M + Na] +, 
potassium adduct [M + K] +, and matrix adduct [M + 
202] + are well resolved. When these analogs are used 
for the analysis of higher-mass proteins, however, peak 
broadening becomes more obvious, resulting in lower 
signal intensity and mass resolution, which may partly 
be attributed to the formation of unresolved matrix 
adduct ion peaks. 
Carbohydrates 
Although sodium and potassium adduct ions are al- 
most always present in the MALDI spectra of peptides 
and proteins, the most abundant signals observed are 
from protonation ofanalyte molecules. However, when 
MALDI is applied to carbohydrates, cation attachment 
usually predominates, o that protonated molecules 
are rarely detected. The cinnamic acid-type matrices 
have been used successfully for the analysis of pep- 
tides and proteins, but these matrices are not as useful 
for the analysis of carbohydrates a  DHB, which is a 
good cationizing matrix. 
Among the five selected mercaptobenzothiazoles, 
only CMBT was found to be a successful cationizing 
[M+H] +
~1 [M'+Na]+ 
I:~f "[M+2Na'H]+ [ 
I I I I 
5600 5800 6000 6200 
m/z 
Figure 5. Positive MALDI spectrum of bovine pancreatic in- 
sulin (MW 5733.5 u) by using CMBT as the matrix; 30 laser shots 
were summed. The region of the spectrum shown corresponds to 
a mass range of 5500-6250. The total protein loaded was 2 pmol. 
matrix for the analysis of carbohydrates. The perfor- 
mance of CMBT as a cationizing matrix was compared 
with that of DHB in the analysis of an oligomannose- 
type N-linked oligosaccharide, [Man]s[GlcNAc] 2(MW 
1235.1 u), as illustrated in Figure 6. The amount of 
carbohydrate loaded on the sample plate cell was 2 
pmol. With either CMBT or DHB as matrix, the major 
peak in the mass spectrum represents the sodium- 
cationized molecule, [M + Na] +. A potassium adduct 
ion, [M + K] +, is also observed with much less abun- 
dance. However, CMBT (Figure 6a) offers a much 
higher signal-to-background ratio for this oligosaccha- 
ride sample than does DHB (Figure 6b). When sample 
O 
¢/2 
v-, 
¢) 
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I I 
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Figure 6. Positive MALDI spectrum of oligomannose-type 
N-linked oligosaccharide [Man]s[GlcNAc]2 (MW 1235.1 u); 40 
laser shots were summed. (a) The sample loaded was 2 pmol 
and the matrix was CMBT; (b) the sample loaded was 2 
pmol and the matrix was DHB; (c) the sample loaded was 
100 fmol and the matrix was CMBT. 
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loading was decreased to 100 fmol, no signal could be 
obtained with DHB as matrix. Even with binary matri- 
ces such as super-DHB (a mixture of DHB and 5- 
methoxysalicylic a id) [26] and DHB/HIC (a mixture 
of DHB and 1-hydroxyisoquinoline) [27], which have 
been reported to improve the performance of DHB, no 
signal could be obtained at the 100-fmol level (data not 
shown). However, with CMBT the carbohydrate signal 
is still detectable as shown in Figure 6c, indicating the 
better sensitivity offered by this new matrix. Further- 
more, cation doping experiments were performed to 
examine the effect of adventitious alts on perfor- 
mance. NaC1 was added to the sample solution (at 
final concentrations of 50 mM) when CMBT or conven- 
tional matrices (DHB and binary DHB mixtures) were 
used in the analysis of [Man]s[GlcNAc] 2. No signifi- 
cant difference in terms of the performance of the 
individual matrices was observed. 
As reported by other research groups [28], the solid 
state morphology of the matrix/analyte mixture plays 
an important role in MALDI ion yields. A practical 
advantage of using CMBT as a matrix is the capacity to 
generate ions uniformly from sites across the target 
owing to its homogeneous crystallization with the ana- 
lyte over the entire sample surface area. Almost any 
portion of the sample surface can be used to obtain the 
resulting spectra shown above. Good quality spectra 
could be obtained with DHB, but the results were not 
as reproducible as those obtained by CMBT because of 
the irregular crystallization process for DHB during 
sample preparation. DHB tends to form large crystals 
on the rim of the target (although DHB/HIC is more 
homogeneous), leaving a microcrystalline r gion in the 
center, which yields the strongest signals for carbohy- 
drates [6, 10]. 
The potential of CMBT as a matrix for oligosaccha- 
ride analysis is demonstrated in Figure 7 in which 
dextran 5000 was selected as a representative example 
of oligosaccharides with a higher molecular mass range. 
The MALDI spectrum by CMBT shows oligomers up 
o 
0 
2O10O I I 4000 6000 
m/z 
Figure 7. Positive MALDI spectrum of dextran 5000 with CMBT 
as the matrix; 50 laser shots were summed. Adjacent oligomer 
peaks in the spectrum are spaced by 162 mass units. 
to 5500 u with good resolution and signal-to-back- 
ground ratio. It should be noted that the spectrum is 
more skewed toward the low-mass range, compared to 
the spectrum of dextran 5000 obtained with DHB as 
the matrix [10]. This may potentially limit the utility of 
CMBT for the analysis of high-mass carbohydrate 
polymers. 
Gangliosides are a class of glycosphingolipids that 
consist of a hydrophobic eramide and a hydrophilic 
carbohydrate chain containing one or more sialic acid 
residues at various linkage sites. These compounds can 
be analyzed by MALDI-MS with a number of matrices 
such as DHB, HABA, and 6-aza-2-thiothymine [29]. 
CMBT also was found to be an efficient matrix for 
these glycolipids, in both the positive and negative i on  
mode. Negative ion mass spectra of the underivatized 
gangliosides were always of better quality than the 
positive ion spectra, exhibiting better sensitivity, reso- 
lution, and less fragmentation from loss of sialic acid 
residues. Figure 8 shows the mass spectrum of under- 
ivatized GTIb, containing three sialic acid residues, 
obtained in the negative ion mode by using CMBT as 
matrix. No fragments were observed. Two prominent 
molecular species were detected in the sample, differ- 
ing from each other by two methylene units. The most 
abundant peaks corresponded to [M - 2H + K]- ions 
of each species, while [M - HI -  peaks were less in- 
tense. 
CMBT also was found to have superior performance 
over conventional matrices in analyzing complex car- 
bohydrates uch as muropeptides [30] derived from 
peptidoglycan, a structural component of the cell walls 
of bacteria. Scheme I shows the structure of a trimeric 
muropeptide derived from peptidoglycan that was iso- 
BVI2-2H+K j"
[M 1-2H+K]" 
I I I I 
2100 2200 2300 2400 
m/z 
Figure 8. Negative MALDI spectrum of underivatized G~b 
with CMBT as the matrix; 40 laser shots were summed. M 1 and 
M 2 are two molecular species in the sample differing by two 
methylene units in the long-chain base. [M 1 + K - 2H]- and 
[M 2 + K - 2HI- ions of these two molecular species are repre- 
sented by dominant peaks in the spectrum. The highest mass 
peak in the spectrum likely represents he potassium adduct 
[M 3 + K -  2HI- of a third molecular species containing two 
additional methylene units and a double bond, although its 
[M 3 - H]- ion is obscured. 
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Scheme I. Structure of trimeric muropeptide derived from the 
peptidoglycan of S. aureus train COL. The following abbrevia- 
tions were used: G, N-acetyiglucosamine; M, N-acetylmuramic 
acid. 
lated from a highly methicillin-resistant Staphylococcus 
aureus strain COL [31, 32]. Figure 9a displays the mass 
spectrum of this trimeric muropeptide by using CMBT 
as matrix. Sodiated analyte signals are the dominant 
peaks in the spectra. A multiple sodium adduct ion 
[M + 2Na-  H] + and a prompt fragmentation peak 
[M + Na-  GlcNAc] + also are present in the mass 
spectra. Most of the other peaks present in the spectra 
are suspected to be impurities that coeluted in the 
high-performance liquid chromatography fraction, or 
Y, 
I I 
2500 3000 3500 4000 4500 
m/z 
Figure 10. Positive MALDI spectrum of PEG 3350 with AMBT 
as the matrix; 30 laser shots were summed. No alkaline salts 
were added to the polymer solution. 
decomposition products. The mass spectrum presented 
in Figure 9a was recorded from a total sample load of 
3 pmol, indicating that high sensitivity analysis can be 
achieved by MALDI-MS using CMBT as the matrix. In 
contrast, only weak signals were observed for this 
sample with conventional matrices uch as ~xCHCA, 
DHB, or sinapinic acid as shown in Figure 9b, where 
c~CHCA was used as the matrix. 
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Figure 9. Positive MALDI spectrum of trimeric muropeptide 
derived from peptidoglycan of S. aureus train COL with (a) 
CMBT and (b) (xCHCA as the matrices; 40 laser shots were 
summed. The total sample loaded was approximately 3 pmoL 
Synthet ic  Polymers 
Synthetic polymers are another class of compounds 
that is typically more easily ionized by cation attach- 
ment. All five selected mercaptobenzothiazoles proved 
to be useful for analyzing synthetic polymers. The 
positive ion mass spectrum obtained from PEG 3350 
with AMBT as matrix is illustrated in Figure 10. No 
alkaline salts were added to this polymer sample prior 
to analysis. The spectrum clearly shows well resolved 
adjacent oligomer signals with masses ranging from 
2440 to 4600 u in Figure 10, reflecting the molecular 
weight distribution of PEG 3350. Two series of peaks 
were observed originating from Na + and K + adducts. 
The peaks corresponding to the [M + Na] + ions of the 
oligomers were centered at a value corresponding to a 
Mw = 3362 u, close to the weight-averaged molecular 
weight provided by the manufacturer (M w = 3350 u). 
The mass difference between adjacent [M + Na] + ion 
signals was found to be approximately 44.2 u. 
The potential of using mercaptobenzothiazoles for 
the analysis of higher molecular weight synthetic poly- 
mers such as PEG 10,000 is demonstrated in Figure 11. 
Again, AMBT is used as the matrix, although similar 
results can be obtained with other mercaptobenzothia- 
zoles, including MBT and CMBT. NaC1 was doped into 
the PEG 10,000 sample to assist cationization. The 
shape of the molecular weight distribution and mass of 
the repeat unit were well defined, although the 
oligomer ion peaks of PEG 10,000 could not be re- 
solved completely. The oligomer distribution ranged 
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Figure 11. Positive MALDI spectrum of PEG 10,000 with AMBT 
as the matrix; 100 laser shots were summed. NaCI was added to 
the polymer solution. 
from m/z  10,300 to ~ 14,600. The weight-averaged 
molecular weight obtained from this MALDI spectrum 
is ~ 12,600 which shows about 10% positive discrep- 
ancy from the gel permeation chromatography (GPC) 
data provided by the manufacturer (M w = 11,500 u). 
This observation agrees well with the results reported 
by two other research groups [33, 34], where MALDI- 
MS showed about 10% higher weight-averaged molec- 
ular weight for PEG 8000 relative to GPC. We also 
have applied mercaptobenzothiazoles in the analysis of 
nonpolar synthetic polymer molecules, such as 
poly(methyl methacrylate) 15,000. Although molecular 
weight distribution information could be determined 
from the spectrum (data not shown), the signal in- 
tensity is not as strong as that obtained from PEG 
samples. 
Conc lus ions  
The performance of five selected mercaptobenzothia- 
zoles has been evaluated for MALDI-MS. It was 
demonstrated that 2-mercaptobenzothiazole is applica- 
ble to the analysis of peptides and proteins of molecu- 
lar weight up to at least 100,000 u with comparable 
sensitivity and resolution to those achieved with con- 
ventional matrices uch as ~xCHCA and sinapinic acid. 
5-Chloro-2-mercaptobenzothiazole (CMBT) was found 
to be a practical matrix for a wide variety of analytes 
including peptides and low-mass proteins, oligosac- 
charides, glycolipids, and muropeptides derived from 
peptidoglycans. Synthetic polymer analysis also is pos- 
sible by MALDI-MS with these new matrices. In view 
of the fact that most matrices presently employed are 
essentially acidic in nature, introduction of a family of 
neutral materials (e.g., pK~ for 2MBT is 7.5) will com- 
plement he limited choice of matrices available to deal 
with acid-sensitive biomolecules. Because all the ex- 
periments have been performed exclusively in the lin- 
ear mode of a MALDI-TOF instrument, the results 
obtained in this manuscript do not lead to any conclu- 
sion as to the degree of metastable fragmentation i - 
duced by the new matrices. We are currently investi- 
gating the utility of these matrices in MALDI-PSD 
analyses. 
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